Carcasses from 59 steers produced from the mating of Braford, Simbrah, Senepol, and Simmental bulls to Brahman-and Romana Red-sired cows and Brahman bulls mated to Angus cows were used in this study. Effects of sire breed and feeding calves vs yearlings on fat depots in the chuck, when steers were fed to 1.0 cm external fat, were determined.
Introduction
Closer trimming of subcutaneous fat on beef cuts has accentuated intermuscular fat deposits. Consumer demands for leaner beef, coupled with declining value of the chuck, have prompted studies to identify factors contributing to intermuscular fat deposition.
Intermuscular fat makes up nearly 63% of all separable fat in retail beef cuts (Savell et al., 1988) and is difficult to remove without destroying the typical shape and integrity of the cuts. Although the chuck constitutes a high percentage of the carcass, it represents a low percentage of the value received at wholesale and retail. This is primarily due to its variability in yield and palatability characteristics. There is a lack of data to explain how biological animal types differ in their tendency to deposit intermuscular fat in the chuck, relative to subcutaneous fat deposition.
Koch et al. (1982) reported that knowledge of breed differences in carcass attributes, including differences in composition and palatability of meat, is imperative for determining the usefulness of different breeds in crossbreeding systems. Cattle destined for the feedlot are either placed in a feedlot directly after weaning or are managed in a forage based backgrounding program before feeding.
Results from studies designed to compare cattle managed under these two schemes are limited and often conflicting. The objective of this study was to identify factors contributing to intermuscular fat deposition in the beef chuck, particularly the influences of sire breed and the management practices of feeding weanling calves and backgrounded yearlings. Easily measured carcass traits were used to determine whether the percentage of intermuscular fat could be predicted by the use of regression equations.
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Materials and Methods
Fifty-nine steers calved in 1988 at the University of Florida Beef Research Unit, Gainesville, were used to determine the effects of breed of sire and age at feeding on carcass traits and chuck composition. The steers were produced from the mating of Braford, Simbrah, and Senepol, and Simmental bulls to Brahman-and Romana Red-sired cows, and Brahman bulls to Angus cows. Approximately half the steers in each breed group were randomly assigned to be fed as weanling calves during the cool period of the year (November to May), and the others were assigned to a winter-stocker program (approximately 215 d) followed by feeding during the warm period of the year (June to October).
The steers were fed a 75% DM diet consisting of 79% high-moisture corn, 12% cottonseed hulls, 4% protein (52% CP) pellet, and 5% molasses. The backgrounding diet consisted of corn silage and cottonseed meal and was fed while calves were on mature, frosted bahiagrass pasture. ALI steers received a growth implant just before being placed in the feedlot, and those still on feed 90 d later received a second growth implant3. External fat of the feedlot steers was monitored with real-time ultrasound. Upon reaching 1.0 cm subcutaneous fat at the 12th to 13th rib interface, steers were weighed in the morning before feeding and shipped to the University of Florida Meats Laboratory. Steers were allowed overnight access to water and slaughtered the following morning, using standard slaughter procedures.
Carcasses were chilled at 0 to 2'C for 24 h, ribbed, and evaluated for USDA quality and yield grade (USDA, 1987) factors by University of Florida meats personnel. The crosscut chuck was removed between the 5th and 6th ribs by cutting through the approximate center of the intercostal muscles, perpendicular to the dorsal line of the carcass. Dissection included removal of all subcutaneous fat from the chuck, whole muscle boning, and separation of intermuscular fat, lean trim, and bone. Individual muscle weights (denuded of subcutaneous and intermuscular fat) were recorded for those muscles (major muscles) weighing more than 3~e f i s t implant was ~algroa, P~--MOOE hc., Terre Haute, LN, the second was Synovex-S@, Syntex, West Des Moines. IA.
.2 kg. The composite of the muscles weighing less than .2 kg, in addition to any remaining lean tissue, was considered to be the lean trim. The triceps brachii (TRI), serratus ventralis (SERR), and supraspinatus (SUP) muscles were each ground, mixed, and reground separately through a .94cm plate. Several random grab samples, totaling approximately .5 kg, were obtained during grinding from each muscle. Samples were further ground for uniformity using a food processor. Chemical analyses for each muscle were performed for moisture determination by oven drying and lipid determination by ether extraction pmedues (AOAC, 1984) to determine intramuscular fat deposition in each sample from the TRI, SERR, and SUP muscles and total fat from each lean t r i m sample. The percentages of lipid were converted to a physical separation basis (assuming an average value of 85% ether extract contained in aU fat) by multiplying the weight of fat by 1.15. By averaging the calculated physical fat of the TRI, SERR, and SUP muscles, an overall intramuscular fat content for the chuck was estimated (Johnson et al., 1988). These three muscles were selected to be analyzed because they were representative of high, medium, and low percentages of intramuscular fat content within the chuck. The derived intramuscular fat content was then subtracted from total fat of the lean trim to determine the intermuscular fat content of the lean trim. This fat was then added to the intermuscular fat physically removed from the chuck.
Data were analyzed by least squares, fixed model procedures of SAS (1982) . Main effects of sire breed and age at feeding, along with sire breed x age at feeding interactions, were included in the statistical model. Adjusted fat over the ribeye was included as a covariate. Prediction of intermuscular fat in the chuck was determined using a stepwise regression technique (Steel and Torrie, 1980) to formulate the best-fitting equation by using Mallow's statistic and maximum R2.
Results and Discussion
Because all iirst-order interactions were nonsignificant, all means presented in the following tables are for main effects. Additionally, breed of sire will be referred to in the discussion by sire name only. Carcass characteristics are presented by breed of sire in Table   1 . Simmental steers had a heavier (P c .05) %PH = kidney, pelvic, and heart. fSl = slight.
mean hot carcass weight than all other sire breed groups except Simbrah steers. Carcasses from Simmental steers also had a larger mean ribeye area than did those of the other breed groups, Simbrah, Senepol, and Brahman steers had ribeyes that were intermediate in size, and Braford steers had the smallest ribeyes. Pringle (1989) found that Simmental and Simbrah steers had larger ribeye areas than carcasses from Braford steers. When ribeye area was expressed per 100 kg of hot carcass, almost the complete opposite ranking of sire breed group was observed. The Brahman steers were superior (P < .05) to Braford steers, whereas Simbrah, Senepol, and Simmental steers were intermediate. These findings are contrary to reports by Peacock et al. (1979) and Huffman et al. (1990) suggesting that the Brahman breed may not have as much negative effect on ribeye area as was previously repoxted in the literature. An equivalent slaughter end point among breed groups was achieved, when measured as fat over the ribeye, because 12th rib fat did not differ (P > .05). By equalizing the variation in subcutaneous fat deposition, any differences in intermuscular fat deposition should be more meaningful. Percentage of estimated kidney, pelvic, and heart (KPH) fat was greater in carcasses of Brahman, Senepol, and Simbrah steers than in Braford steers (P c .05). The carcasses from Simmental steers were intermediate in percentage of KPH and not different (P > .05) from the others. The Braford group had the lowest percentage of KPH Eat. Carcasses from Simmental steers were higher (P < .05) in cutability than carcasses from Braford steers (lower USDA yield grade), whereas carcasses from the Senepol, Simbrah, and Brahman steers did not differ in cutability (P > .05).
Carcasses from the Simmental group had a higher average marbling score (P < .05) than those from the Simbrah group. The Senepol, Brahman, and Braford steers were intermediate and not different (P > .05) fmm the other groups. The mean marbling scores for all breed groups fell within the USDA Select grade. In contrast to these findings, Crockett et al. (1979) and Pringle (1989) reported no effect of breed type on quality grade when comparing steers sired by bulls of Continental, Brahman, and Brahmanderivative breeds. However, others (Carpenter et al., 1961; Cole et al., 1964; Koch et al., 1976; Young et al., 1978) reported that Brahman and Continental breeding resulted in a lower quality grade than British breeding. Characteristics of the chuck differed little by breed of sire when slaughtered at comparable levels of fat at the 12th to 13th rib interface (Table 2) . Braford steers had a higher (P c .05) percentage of subcutaneous fat over the chuck than did the other breed groups, but, as shown in Table 1 , they had a lower percentage of estimated KPH fat. Charles and Johnson (1976) , in a study designed to slaughter steers at a constant fat end point, observed that Herefords, the British component in the Braford breed, had a greater proportion of subcutaneous fat and a lower proportion of internal fat than Angus, Friesian, and Charolais crossbred cattle. Senepol and Simmental steers were intermediate. Interestingly, the Braford steers had the highest percentages of subcutaneous fat and the lowest percentage of intramuscular fat, whereas the Senepol steers had the lowest percentage of subcutaneous fat and one of the higher percentages of intramuscular fat flable 2). This difference illustrates that breeds of cattle differ in the way they develop their systemic fat depots (Berg and Butterfield, 1976; Lunt et al., 1985) . Percentage of bone and fat-free major muscles did not differ (P > .OS> among breed groups. In contrast, ribeye area per 100 kg of carcass, often used as an indicator of muscling, differed (P e .05) among breed groups, suggesting a dissimilar expression of muscling. Fat-free lean trim percentage was greater (P < Least squares means for carcass characteristics by age at feeding are presented in Table 3 . Steers fed as yearlings produced carcasses that averaged 16 kg heavier than did the steers fed as calves. This indicates that backgrounding and feeding as yearlings affected the carcass weight at which steers reached a compositionally equivalent end point (12th rib fat) in comparison to the calves that were placed immediately in the feedlot after weaning. These results are consistent with those of Drodard (1986). who reported that the linear portion of the steer's growth w e would be prolonged because of the incorporation of a stockering period, thus permitting more growth of muscle and bone before fat deposition accumulated to 1.0 cm. Lunt and Orme (1987) stated that cattle fed a highconcentrate diet from weaning to slaughter would have to be slaughtered at a lighter weight than would cattle fed forage prior to finishing on a highconcentrate diet, if both groups were to have the same carcass composition. Percentage of estimated KF'H fat was greater (P c .05) in steers fed as calves than in those fed as yearlings. This would be expected because internal fat is an early developing depot and makes up a higher percentage of carcass composition at lower carcass weights. Yield grade, ribeye area, ribeye area per 100 kg of carcass, and marbling score were not affected by age of steer at slaughter (P > .05). In contrast, Drouillard (1986) and Huffman et al. (1990) reported that calves had a significantly larger average ribeye area per 100 kg of hot carcass than did yearlings. Table 4 presents the components of the chuck by age at feeding. Steers fed as calves had a higher percentage of major muscle and a lower percentage of fat-free lean t r i m than did those backgrounded and fed as yearlings (P c .05). A greater percentage of major muscles in the chuck of steers fed as calves may be attributed to the calves having a higher impetus for growth in the proximal foreleg muscles than the yearlings. The TRI plus the SERR alone made up approximately 12% of the chuck weight. The TRI, SERR, SUP, and teres major make up the anatomical region known as the proximal foreleg muscles (Berg and Butterfield, 1976) . According to Berg and Butterfield (1976) , proximal foreleg muscles have an average to low impetus for growth postnatally (K = .97), as indicated by Huxley's (1932) allometric growth ratio. Thus, the proximal foreleg muscles would have developed at a faster rate early in the steer's life and would demonstrate a subsequent decrease in rate of development as body weight increased. The yearlings likely had reached a point during growth at which muscle weight in the chuck was not increasing as steadily as body weight and a net decline in proportion of major muscles was seen. Additionally, the greater percentage of trim may be due to a higher impetus for growth of the neck muscles (K = 1.01) as the steer matures (Berg and Butterfield, 1976) . The muscles of the neck generally go into trim, and this would explain the higher percentage of lean trim in the yearlings. Neck muscles, relative to proximal foreleg muscles, are slower in development because it is essential for survival that the foreleg muscles be adequately developed for locomotion at birth.
Least squares means for quality and yield grade factors, in addition to chuck composition, for all steers (n = 59) are presented in Table 5 . A wide range of values was evident with respect to muscling attributes, using ribeye area per 100 kg of carcass, yield grade, percentage of major muscles, and muscle to bone ratio of fat-free lean as indicators of cutability. Additionally, all carcasses slaughtered fell within the youngest maturity group for beef as recognized by the USDA (1987) .
Stepwise multiple regression analysis was employed to identify those variables that best The stepwise analysis was implemented a second time using only those variables that could be measured readily and without harming the carcass or the chuck Within the specified constraints of this model (P < .lo), adjusted fat over the ribeye seems to be the best single easily measured predictor of intermuscular fat (~2 = .%). n e regression equation is as follows: Percentage of intermuscular fat = 8.7 + 5.5X, where X = adjusted fat over the ribeye. Figure 1 illustrates the graphical representation of percentage of intermuscular fat vs adjusted fat over the ribeye. A fairly strong Table 6 presents a correlation analysis for percentage of intermuscular fat using carcass and chuck characteristics as independent variables. Adjusted fat over the ribeye had the highest positive correlation (R = .68) with intermuscular fat, and percentage of bone was the most negatively correlated (R = -.60). Further research may reveal carcass measurements that can be used to predict more precisely the intermuscular fat in the chuck. 'Robability value; NS = not significant (P > .IO).
kidney, pelvic, and heart fat.
the blade face of the chuck, measuring the longissimus muscle area (chuck), or possibly, serial real-time ultrasound monitoring. The ramifications of this might be premiums being paid for carcasses exhibiting high cutability in the chuck, thus ultimately increasing the value of the chuck and its acceptance at retail.
Implications
This study suggests that beef cattle breeds can differ in the way they deposit fat, with respect to the subcutaneous and intramuscular fat depots, when slaughtered at an equivalent fat thickness. Although the percentage of intermuscular fat did not differ among the breed combinations compared, it would be desirable to identlfy those breeds or crossbreeds that would produce carcasses that would complement consumers' desires for a lean and palatable product while minimizing waste at the packer and retail levels. Additionally, feeding steers as calves vs feeding yearlings offered little advantage in chuck composition when steers were slaughtered at comparable levels of outside fatness. Adjusted fat over the ribeye alone explained approximately 50% of the variation in percentage of intermuscular fat. 
